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(57) ABSTRACT 
A frame transfer CCD area image sensor is disclosed 
having a plurality of spaced transfer channels having 
resolution cells defined by electrodes. Each resolution 
cell samples an image scene pixel. Channel stops sepa 
rate the channels and are arranged to stagger adjacent 
resolution cells in the channels to improve horizontal 
resolution. 

4 Claims, 7 Drawing Figures 
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1. 

FRAME TRANSFER CCD AREA IMAGE SENSOR 
WITH IMPROVED HORIZONTAL RESOLUTION 

FIELD OF THE INVENTION 
This invention relates to frame transfer CCD area 

image sensors with improved resolution. 
BACKGROUND OF THE PRIOR ART 

One well known organization of CCD area image 
sensors is the frame or field transfer organization. In this 
arrangement, charge transfer channels run in vertical 
directions. Separating each transfer channel is a channel 
stop which confines charge collected to the transfer 
channels and prevents charge leakage into adjacent 
channels. Channel stops are provided by thick field 
oxides and also by diffusion or implants in the substrate. 
Each transfer channel has a plurality of resolution cells. 
Each resolution cell is defined by a plurality of closely 
spaced, independent electrodes. An independent elec 
trode is one which is separately addressable. So for 
example a three-phase CCD has three independent elec 
trodes per cell, and a four-phase CCD has four indepen 
dent electrodes per cell. Each electrode is formed on an 
insulator which overlays a substrate. The electrodes can 
be made from transparent polysilicon or metal conduc 
tors. As is well known in applications where an image is 
sampled and displayed on a T.V., there are two fields 
for each frame. During the first field a potential is ap 
plied to at least one electrode of each resolution cell and 
a depletion region or well is formed under it. Photo 
charge collected in the well is a function of scene 
brightness level. The photocharge is then read out and 
converted to voltage signals which are used to produce 
an image. During the next field, a depletion region is 
formed under another electrode of each resolution cell 
thereby vertically shifting the integration site for each 
resolution cell for the second field. This "virtual' inter 
lacing effectively increases vertical resolution without 
substantially modifying the vertical modulation transfer 
function (MTF). This approach is widely used but suf. 
fers from the shortcoming that horizontal resolution is 
not improved. One way to improve horizontal resolu 
tion is to increase the number of resolution cells per unit 
length in the horizontal dimension. This approach in 
creases complexity and reduces the yield of area image 
sensors thereby increasing their cost. Also, between 
fields of a frame, the area image sensor can be moved 
horizontally relative to an object scene to increase hori 
zontal resolution. 

SUMMARY OF THE INVENTION 

The object of this invention is to provide a frame 
transfer CCD area image sensor in which horizontal 
resolution is improved without increasing the number 
of sensor resolution cells or having to move the sensor 
relative to an image. 
This object is achieved by a frame transfer CCD area 

image sensor which includes a plurality of spaced trans 
fer channels having resolution cells. Each resolution 
cell samples a scene image and accumulates charge 
representing the brightness level of an image pixel. The 
channel resolution cells are arranged to define an array 
of rows and columns of resolution cells. The sensor 
further includes channel stops which separate the trans 
fer channels and are arranged to stagger adjacent reso 
lution cells of each channel to improve resolution. 
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2 
In one preferred embodiment, each resolution cell 

includes a plurality of electrodes. A potential energy 
well can be formed under a first electrode of a resolu 
tion cell during a first field of a frame and formed under 
a second electrode of such resolution cell during a sec 
ond field of the frame. Horizontal staggering of the 
center of charge of adjacent cells within each field 
occurs from row-to-row and the vertical shift of the 
center of charge (virtual interlace) by each cell occurs 
from field-to-field within each frame. 
An advantage of this invention is that it reduces both 

vertical and horizontal aliasing effects. 
Another advantage of this invention is that it is suit 

able for single CCD sensors using color filter arrays. An 
integral color filter can, for example, be disposed over 
each channel. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic overall view of a frame transfer 

CCD area image sensor in accordance with the present 
invention showing in an exploded format resolution 
cells of several staggered transfer channels; 
FIG. 2 is a cross-sectional view taken along the lines 

2-2 of FIG. 1 showing a resolution cell in a transfer 
channel of the sensor; 
FIG. 3 is a cross-sectional view taken along the lines 

3-3 of FIG. 1 showing a channel stop between adja 
cent transfer channels; 
FIGS. 4a and 4b are schematic diagrams showing the 

collection of charge in different potential wells by the 
resolution cells of the FIG. 1 sensor in first and second 
fields of operation, respectively; 

FIG. 5 is a schematic diagram showing the collection 
of charge for a frame transfer CCD image sensor having 
a different staggered sensor resolution cell pattern than 
in FIG. 1; and 
FIG. 6 are potential profiles taken along the center 

line of staggered channels showing the different inte 
grating fields for interlacing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The overall configuration of a CCD area image sen 
sor 10 which embodies the present invention is shown in 
FIG. 1. For clarity of illustration, this view is not to 
scale. The image sensor 10 comprises a frame transfer 
four-phase (voltage lines (b1-4) and a surface channel 
CCD area image sensor. The image is sensed by resolu 
tion cells in transfer channel 42. As will be described, 
each resolution cell is defined by a plurality of transpar 
ent, independent electrodes 38. By way of illustration 
only, the resolution cells are arranged in a staggered 
two-dimensional array (A) having 740 staggered col 
umns and 485 rows of resolution cells. Each transparent 
electrode is connected to one line or phase of a four 
phase clock signal. After exposure the four clock signals 
are sequentially applied in the well known manner to 
the image sensing array A to move the imagewise 
charge pattern formed in the sensor resolution cells one 
row at a time to an output register C. Between adjacent 
transfer channels there are provided channel stops 40. 
These channel stops 40 are staggered so as to improve 
horizontal resolution in a manner which will be de 
scribed later. 
A 14 MHz clock drives the clock signals for reading 

out the rows of the image sensor at the standard televi 
sion line rate. The output register G is a conventional 
two-phase CCD shift register positioned between a 
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transfer gate 30 and a horizontal channel stop 44. Each 
cell of the output register G includes a transfer elec 
trode 20 aligned with a vertical channel stop 40 and a 
storage electrode 22 which is aligned with a transfer 
channel 42. These electrodes are actuated by signals on 
lines d1T and disrespectively. 
The operation of the gate 30 and the output register 

G is well known in the art and so will only be briefly 
described. The transfer gate 30 which is actuated by a 
first transfer signal T1 and transfers a row of photo 
charges to the output register G. As noted above, each 
cell in the output register G has a storage electrode 22 
associated with a transfer column of the array A. When 
a row of photocharges is to read out of image sensing 
array A, the transfer gate 30 is opened and photo 
charges are delivered to storage wells which have been 
formed under the electrodes 22. 

After a row of photocharge (electrons) has been 
transferred to the output register G, the transfer gate 30 
is closed. By being closed is meant that a potential bar 
rier is formed under this transfer electrode. At this time 
the output register is operated in a two-phase manner 
clocking the photocharges out through an output diode 
32 which converts the photocharges into a voltage in 
the well-known manner. 
Turning now to FIG. 2, the CCD sensor is shown to 

be constructed on a doped semiconductor substrate 34 
(e.g. p-type silicon). A silicon dioxide, SiO2, layer 36 is 
grown on the substrate 34. Silicon dioxide has the fun 

a damental property of preventing the diffusion of impu 
rities through it. Polysilicon conductive electrodes 38 
are then deposited on the silicon dioxide layer 36. The 
conductive electrodes could also be made of a metal 
such as aluminum. The silicon dioxide layer 36 and the 

10 

15 

20 

25 

30 

electrodes 38 are transparent and permit photons of 35 
light to pass through them into the bulk of substrate 34. 
A thin protective layer 37 of silicon dioxide overcoats 
the electrodes 38. 

Channel stops 40, shown in FIG. 3, are defined by a 
more heavily doped (e.g. p--) region covered by a 
thickened oxide layer 44. The transfer channels 42 are 

'as noted above separated by the channel stops 40 and 
overlayed with the four-phase transfer electrodes 38. 
The thickened field oxide and doped region in the chan 
nel stop area is selected such that the bulk p-type silicon 
directly below it never becomes depleted notwithstand 
ing the voltage applied to its electrode 38. 
When a potential is applied to an electrode 38, a de 

pletion region is formed under that electrode. As shown 
in FIG. 2, a resolution cell or pixel includes four elec 
trodes. If, for example, the same positive potential is 
applied by voltage lines b1 and d2 and no potential is 
applied to voltage lines (b3 and b4, a depletion region is 
formed in the substrate 34 under those electrodes hav 
ing applied potential. When the positive potential is 
applied, it repels holes into the substrate. Lattice elec 
trons are exposed and the depletion region is thereby 
formed. The potential profile of the depletion region is 
referred to as an energy or potential well and is shown 
in FIG. 2 as a dotted line 39. 

Since the electrodes are transparent, during exposure, 
scene light passes through them and photons of light are 
absorbed in the substrate. Free electrons are produced 
by a photoelectric conversion process and are collected 
in the potential well as schematically shown in FIG. 2. 
These electrons (photocharge) are free to move about 
but can not penetrate the walls of the potential well. 
The potential profile on the different electrodes can 
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4. 
now be changed by varying the voltages on lines d1-d4 
so as to shift the charge down into the horizontal read 
out register G. As shown in FIG. 1, the photocharge 
shifted into the register G is now shifted to the diode 32 
which converts the photocharge into a voltage. The 
charge transfer channels 40 and the shift register G are 
standard charge transfer arrangements wherein by 
properly applying periodic voltages to their electrodes 
a moving array of potential wells can be formed in 
which charge is shifted from one position to another. 
The operation of these types of charge transfer devices 
is well known in the art and described fully in the text 
book CHARGE TRANSFER DEVICES by Sequinet 
al. Pages 23-25 describe the operation of a conventional 
four-phase CCD electrode structure and pp. 25-30 de 
scribe the operation of conventional two-phase CCD 
electrode structures. 
As shown in FIG. 1, the channel stops define a stag 

gered or alternating pattern of resolution cells in each 
column in the form of a zig-zag. The term stagger is in 
reference to the situation where the center of charge 
collection of adjacent resolution cells in a channel are 
offset. The horizontal structure of a resolution cell is 
defined between channel stops while the electrodes 
define the vertical structure. Virtual interlacing is im 
plemented in the conventional manner by changing the 
center of charge of each resolution cell. 

Reference may now be made to FIGS. 4a and 4b. 
which illustrate the operation of a two field per frame 
device in its first and second fields, respectively. As 
shown in FIG. 4a, a positive potential is applied to the 
lines d and d2, and a potential well for each resolution 
cell is formed under these electrodes and charge col 
lects in them. The center of charge for each resolution 
cell is shown at position F1. In the second field of opera 
tion shown in FIG. 4b, a positive potential is applied to 
the lines d3 and d4 and charge is collected under these 
electrodes. In this case, the center of charge is shown as 
F2. Thus, during the first field, charge will be collected 
in the potential well under all the electrodes connected 
to lines b1 and d2 and during the second field, charge 
will be collected under all the electrodes connected to 
lines d3 and d4. In each field, the center of charges of 
adjacent resolution cells in each channel 42 are offset or 
staggered horizontally. When the center of charges of 
each resolution cell are connected, the result is a non 
linear pattern. In each row of resolution cells, if the 
center of charges are connected, the result is a linear 
pattern. 
Due to virtual interlace, in the first field each resolu 

tion cell samples a different image pixel than it samples 
in the second field. Image pixels sampled by adjacent 
resolution cells in a channel are offset horizontally from 
row-to-row within a field and vertically from field-to 
field within a frame. Moreover, where there are two 
fields per frame, the center of collected charge of each 
resolution cell from field-to-field is shifted not only 
vertically but also horizontally. Thus, there is an in 
provement in both vertical and horizontal resolution. 
See FIG. 6 which shows representative potential pro 
files during interlacing. 
Although the image sensor 10 has been described as a 

surface channel sensor, it will be understood that the 
invention is also applicable to a buried channel sensor. 
In a buried channel CCD sensor, the electrodes are 
disposed on an insulator such as SiO2. The insulator 
overlies the substrate. The bulk substrate is doped and 
can be of a given polarity for example p-type. Near the 
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insulator the substrate is of a polarity (n-type) opposite 
to that of the bulk substrate and of such a concentration 
that when a predetermined potential is applied to the 
electrode, a channel or potential well is formed within 
the substrate spaced from the insulator. Charge is col 
lected in this channel or well which is a function of 
scene brightness. More specifically, carriers are pro 
duced by a photoelectric conversion process and col 
lected in the channel. 
Turning now to FIG. 5, where charge collection for 

another frame transfer CCD area image sensor is 
shown. The image area CCD represented has a different 
staggered channel stop structure. This image area sen 
sor has an array of rows and staggered columns of rect 
angular shaped resolution cells. This arrangement is 
particularly suitable for pattern recognition devices 
which have a single field perframe. Each resolution cell 
in each channel 42 is defined horizontally between 
channel stops 40 and vertically by four electrodes 38. 
Each electrode 38 is connected to a particular one or 
four voltage phase lines d. If a positive potential is 
applied to line d1 and d2, a potential well for each reso 
lution cell is formed under these electrodes and charge 
collects in them. In such a situation, the center of charge 
is shown as F1. For adjacent resolution cells in a chan 
nel 42, the position of the center of charges are offset or 
staggered horizontally. The construction of adjacent 
channel stops 40 stagger adjacent resolution cells. Each 
resolution cell has a rectangular configuration. If a line 
were to connect the center of charge in each column, it 
would be non-linear. If a line were to connect the center 
of charge in each row, it would be linear. 

I claim: 
1. A frame transfer CCD area image sensor compris 

1ng: 
(a) a plurality of spaced transfer channels having 

resolution cells each of which samples light from 
an image scene and accumulates photocharge rep 
resenting the brightness level of an imgae pixel, 
such resolution cells being arranged to define an 
array of rows and columns of resolution cells; 

- (b) channel stops which separate the transfer channels 
and are arranged to stagger adjacent resolution 
cells in a channel; and 

(c) output register means for sequentially receiving 
photocharges from each row of resolution cells 
during a readout operation. 

2. A frame transfer CCD area image sensor for sens 
ing different fields of an image, comprising: 

a. a plurality of spaced transfer channels having a 
plurality of resolution cells arranged so as to define 
an array of rows and columns of resolution cells 
each of which accumulates charge representing the 
brightness level of light from a sampled image 
scene pixel, each channel resolution cell includes a 
substrate, a transparent nonconductive layer cover 
ing the substrate and a predetermined number of 
closely spaced, independent transparent electrodes 
to which potential can be applied; 

b. channel stops which separate the transfer channels 
and are arranged to stagger adjacent resolution 
cells in a channel; and 

c. means for applying potential to selected different 
ones of the electrodes of each resolution cell during 
first and second fields of a frame so that a potential 
energy well is formed under a first electrode of 
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6 
each resolution cell to collect charge representing 
the brightness level of a scene image pixel during 
the first field and a potential barrier is formed 
under a second electrode of each resolution cell 
and during the second field a potential well is 
formed under the second electrode to collect 
charge representing the brightness level of another 
image scene pixel and a potential barrier is formed 
under the first electrode, whereby horizontal stag 
gering of the center of charge of adjacent resolu 
tion cells in a channel occurs from row-to-row 
within each field and the vertical shifting of the 
center of charge sense by each resolution cell oc 
curs from field-to-field with each frame. 

3. A frame transfer CCD area image sensor compris 
1ng: 

(a) a plurality of spaced transfer channels having 
resolution cells each of which samples a scene 
image and accumulates photocharge representing 
the brightness level of an image pixel, such resolu 
tion cells being arranged to define an array of rows 
and columns of resolution cells; and 

(b) channel stops which separate the transfer channels 
and are arranged to stagger adjacent resolution 
cells in a channel so that when the center charge 
collected under adjacent resolution cells in each 
channel are connected, the result is a non-linear 
pattern and when the center of charges of the reso 
lution cells of each row of the array are connected, 
the result is a linear pattern. 

4. A frame transfer CCD area image sensor for sens 
ing different fields of an image, comprising: 

a. a plurality of spaced transfer channels having a 
plurality of resolution cells arranged so as to define 
an array of resolution cells each of which accumu 
lates photocharge representing the brightness level 
of a sampled image scene pixel, each channel reso 
lution cell includes a substrate, a transparent non 
conductive layer covering the substrate and a plu 
rality of closely spaced, independent transparent 
electrodes to which potential can be applied; 

... channel stops which separate the transfer channels 
and are arranged to stagger adjacent resolution 
cells in a channel; 

c. means for applying potential to selected different 
ones of the electrodes of each resolution cell during 
first and second fields of a frame so that a potential 
energy well is formed under a first electrode of 
each resolution cell to collect charge representing 
the brightness level of a scene image pixel during 
the first field and a potential barrier is formed 
under a second electrode of each resolution cell 
and during the second field a potential well is 
formed under the second electrode to collect 
charge representing the brightness level of another 
image scene pixel and a potential barrier is formed 
under the first electrode whereby horizontal stag 
gering of the center of charge of adjacent resolu 
tion cells in a channel occurs from row-to-row 
within each field and the vertical shifting of the 
center of charge sensed by each resolution cell 
occurs from field-to-field within each frame; and 

d. output register means for sequentially receiving 
charge from each row of resolution cells during a 
readout operation. 
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